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TRANSLATION - BASED NAME NODE The translator via the translation services and the at least 
CONFIGURATION FOR OBJECT ACCESS IN one index table permits applications running on respective 

A MULTI - TIER STORAGE SYSTEM analysis nodes having no knowledge of the object storage 
structure of the object store to access a specified set of 

FIELD 5 objects corresponding to the dynamically loadable 
namespace identifier . 

The field relates generally to information processing Such arrangements allow for translation - based controlled 
systems , and more particularly to information processing partitioning of an object store such that an individual appli 
systems that incorporate multi - tier storage systems . cation can access only a limited number of the objects 

10 associated with a corresponding dynamically loadable 
BACKGROUND namespace . However , the total number of objects that can be 

controlled across multiple applications using respective 
Storage systems are often configured to include multiple dynamically loadable namespaces is essentially unlimited . 

storage tiers , with different ones of the tiers providing Accordingly , some embodiments are scalable to essentially 
different levels of input - output ( JO ) performance or other 15 unlimited numbers of objects that may be stored in one or 
characteristics . In such systems , data may be moved from more object stores of at least one back - end storage tier . Also , 

the use of one or more index tables each of which can one tier to another within a given storage system based on illustratively be configured as a superblock index table access frequency of the data or other factors . object allows all of the objects of the object store to be These and other types of storage systems may incorporate 20 20 addressed as a unified namespace . one or more object stores . In an object store , data is exposed Some embodiments therefore overcome drawbacks of and managed in the form of objects instead of files or blocks . conventional practice which would otherwise prevent appli Different objects can include different amounts and types of cations running on analysis nodes from directly accessing 
unstructured data but each object is identified by a globally objects stored in an object store of a capacity tier or other 
unique identifier . Objects can therefore be stored in a flat 25 back - end storage tier . Applications in such embodiments can 
address space such as a storage pool . The unique identifier therefore easily identify and access the particular objects 
of a given object allows an application or other requesting that are needed for their execution even though the appli 
entity to retrieve that object without needing to know the cations have no knowledge of the structure of the object 
physical location in which the object is stored . Accordingly , store in which those objects reside . 
object stores abstract away complexities associated with 30 These and other illustrative embodiments include , without 
lower level storage functions . limitation , methods , apparatus , systems , and processor - read 
Object stores are often utilized in cloud storage environ - able storage media . 

ments . Examples of cloud - based object stores include Ama 
zon Web Services ( AWS ) , Simple Storage Service ( S3 ) , BRIEF DESCRIPTION OF THE DRAWINGS 
Google Cloud Platform ( GCP ) Cloud Storage , and Micro - 35 
soft Azure Blob Storage . FIG . 1 is a block diagram of an information processing 

system comprising a multi - tier storage system and an asso 
SUMMARY ciated translator for configuring a name node in an illustra 

tive embodiment of the invention . 
Illustrative embodiments of the present invention provide 40 FIG . 2 is a flow diagram of an exemplary process imple 

information processing systems that include multi - tier stor - mented using the translator in the information processing 
age systems with translation - based name node generation to system of FIG . 1 . 
facilitate application access to objects of an object store FIG . 3 shows another illustrative embodiment of an 
implemented in one of the storage tiers of the multi - tier information processing system comprising a multi - tier stor 
storage system . For example , some of the illustrative 45 age system and an associated translator for configuring a 
embodiments implement translation - based generation of name node . 
name nodes of a Hadoop distributed file system ( HDFS ) in FIG . 4 shows an example of a dynamically loadable 
a 2 TIERSTM storage system , although other types of name namespace in an illustrative embodiment . 
nodes and multi - tier storage systems can be used in other FIG . 5 shows an example of an index table of a translator 
embodiments . 50 in an illustrative embodiment . 

In one embodiment , an apparatus comprises a multi - tier FIG . 6 illustrates relationships between an index table 
storage system having a front - end storage tier , a back - end object , dynamically loadable namespace objects and addi 
storage tier and a data mover module coupled to the front - tional underlying objects in one embodiment . 
end and back - end storage tiers and configured to control FIGS . 7 and 8 show other illustrative embodiments of 
movement of data between the storage tiers . A translator at 55 information processing systems each comprising a multi - tier 
least partially incorporated in or otherwise associated with storage system and an associated translator for configuring 
the multi - tier storage system implements a plurality of a name node . 
translation services and one or more index tables . A given 
one of the translation services is configured to access at least DETAILED DESCRIPTION 
one of the one or more index tables in order to determine a 60 
dynamically loadable namespace identifier associated with Illustrative embodiments of the present invention will be 
an application running on an analysis node that communi - described herein with reference to exemplary information 
cates with the multi - tier storage system over at least one processing systems and associated computers , servers , stor 
network , and to instantiate a name node corresponding to the age devices and other processing devices . It is to be appre 
dynamically loadable namespace identifier . Particular 65 ciated , however , that embodiments of the invention are not 
objects of an object store of the back - end storage tier are restricted to use with the particular illustrative system and 
made accessible to the application via the name node . device configurations shown . Accordingly , the term " infor 
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mation processing system ” as used herein is intended to be multi - tier storage system 104 over at least one network in 
broadly construed , so as to encompass , for example , pro - conjunction with running of the respective applications . 
cessing systems comprising cloud computing and storage Other types of distributed implementations of the trans 
systems , as well as other types of processing systems lator 112 are possible . For example , at least a subset of the 
comprising various combinations of physical and virtual 5 translation services 114 of the translator 112 can be imple 
processing resources . An information processing system mented on respective servers that are separate from the 
may therefore comprise , for example , at least one data center analysis nodes 102 . 
that includes one or more clouds hosting multiple tenants Also , other translator configurations can include only 
that share cloud resources . single instances of one or both of the translation services 114 FIG . 1 shows an information processing system 100 10 and the index tables 116 rather than plural instances of these configured in accordance with an illustrative embodiment of translator elements as illustrated in the figure . the present invention . The information processing system A given one of the translation services 114 is configured 100 comprises a plurality of analysis nodes 102 , individually 
denoted as 102 - 1 , 102 - 2 , . . . 102 - N , which access a to access at least one of the one index tables 116 in order to 
multi - tier storage system 104 . The multi - tier storage system 15 de determine a dynamically loadable namespace identifier 
104 comprises a fast tier 106 , a capacity tier 108 , and a data associated with an application running on an analysis node 
mover module 110 coupled to the fast and capacity tiers 106 that communicates with the multi - tier storage system over at 
and 108 and configured to control movement of data least one network , and to instantiate a name node corre 
between those storage tiers . sponding to the dynamically loadable namespace identifier . 

The fast and capacity tiers 106 and 108 are examples of 20 The name node may comprise , for example , a name node of 
what are more generally referred to herein as respective a Hadoop distributed file system ( HDFS ) , although other 
front - end and back - end storage tiers . Accordingly , the multi - types of name nodes can be used in other embodiments . 
tier storage system 104 illustratively comprises multiple Particular objects of the object store of the capacity tier 108 
hierarchical storage tiers for use in hierarchical storage are made accessible to the application via the name node . 
management ( HSM ) . 25 The term " dynamically loadable namespace " as used herein 

The capacity tier 108 in this embodiment comprises an is intended to be broadly construed , so as to encompass , for 
object store 111 . The object store 111 stores objects identi - example , a namespace that is loadable into a name node as 
fied by respective object identifiers ( OIDs ) . The object store needed , based at least in part on an identifier of that 
may be implemented , for example , as an Atmos / ViPR namespace . Moreover , the term " name node ” is also 
object store comprising a combination of Atmos object - 30 intended to be broadly construed , and may represent , for 
based storage and ViPR® Software - Defined Storage ( SDS ) example , a portion of another type of node , such as an IO 
both commercially available from EMC Corporation of node , implemented on a processing device of the system 
Hopkinton , Mass . A wide variety of other types of object 100 . 
stores can be used . As noted above , the object store 111 of the capacity tier 

The analysis nodes 102 are assumed to communicate with 35 108 is configured to store data in the form of objects having 
the multi - tier storage system 104 over at least one network , respective object identifiers . The translator 112 via the 
which is not explicitly shown in the figure . The analysis translation services 114 and the index tables 116 advanta 
nodes 102 may comprise respective computers in a cluster of geously permits applications running on respective ones of 
computers associated with a supercomputer or other high the analysis nodes 102 that have no knowledge of the object 
performance computing ( HPC ) system . The term “ analysis 40 storage structure of the object store 111 to access a specified 
node ” as used herein is intended to be broadly construed , set of objects corresponding to the dynamically loadable 
and such nodes in some embodiments may comprise respec - namespace identifier . 
tive compute nodes . Applications running on such nodes are given one of the index tables 116 is configured in the 
referred to herein as “ analysis applications ” but such appli - present embodiment to store multiple dynamically loadable 
cations are also intended to be broadly construed so as to 45 namespace identifiers in association with respective corre 
encompass any applications that involve utilization of sponding object identifiers of respective dynamically load 
objects associated with a dynamically loadable namespace able namespace objects stored in the object store 111 of the 
as disclosed herein . capacity tier 108 . 

The system 100 further comprises a translator 112 asso - For example , an entry of the given index table for one of 
ciated with the multi - tier storage system 104 . The translator 50 the dynamically loadable namespace identifiers can include 
112 is illustratively shown as being coupled to the analysis its associated object identifier and a location flag indicating 
nodes 102 and the multi - tier storage system 104 . The if the corresponding name node is currently implemented in 
translator 112 implements translation services 114 that uti one or more of the fast tier 106 , the capacity tier 108 or the 
lize a set of index tables 116 . translator 112 . Thus , an instantiated name node correspond 

Although shown as a separate component in this embodi - 55 ing to a particular dynamically loadable namespace identi 
ment , the translator 112 in other embodiments can be fier can be implemented in one of the tiers 106 or 108 , or in 
implemented at least in part within the multi - tier storage the translator 112 , or in combinations thereof , or in other 
system 104 or within another system component . Accord system components , such as on one or more servers not 
ingly , the translator can be implemented , for example , in a explicitly shown in the figure . 
distributed matter , in which portions of the translator are 60 A more detailed example of an index table format will be 
implemented in respective other components of the system shown and described in conjunction with FIGS . 5 and 6 . 

One or more of the index tables 116 can each be imple 
By way of example , in one possible distributed imple - mented at least in part as a superblock index table object of 

mentation of the translator 112 , at least a subset of the the object store 111 of the capacity tier 108 . 
translation services 114 of the translator 112 can be imple - 65 Additionally or alternatively , a given one of the index 
mented on respective ones of the analysis nodes 102 that run tables 116 can be implemented at least in part as a key - value 
respective applications and are configured to access the store in which the keys comprise respective ones of a 

100 . 
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plurality of dynamically loadable namespace identifiers . the fast tier 106 is a relatively small storage tier optimized 
Numerous other index table formats can be used in other for 10 processing speed , while the capacity tier is a rela 
embodiments . tively large but slower storage tier optimized for storage 

Each of the dynamically loadable namespace objects capacity . Terms such as “ fast ” and “ slow ” in this context are 
illustratively comprises identifiers of respective ones of a 5 relative terms and not intended to denote any particular 
plurality of additional objects stored in the object store 111 absolute performance level . However , numerous alternative 
of the capacity tier 108 and utilizable via the corresponding tiering arrangements may be used , including arrangements 
name node by an associated application running on one or with three or more tiers each providing a different level of 
more analysis nodes 102 . performance . Also , the various tiers of a given multi - tier 

In some embodiments , the name node corresponding to 10 storage system in other embodiments need not be arranged 
the dynamically loadable namespace identifier provides the as respective front - end and back - end storage tiers . Accord 
analysis node that runs the application with virtual links to ingly , numerous alternative storage tiering arrangements can 
the particular objects . An example of one embodiment of be used in other embodiments . 
this type will be described in more detail below in conjunc The term “ multi - tier storage system ” as used herein is 
tion with FIG . 7 . 15 therefore intended to be broadly construed so as to encom 

Additionally or alternatively , the name node correspond pass any of a wide variety of different storage tiers includ 
ing to the dynamically loadable namespace identifier can be ing , for example , two or more separate storage systems each 
configured to provide the associated application with file comprising a single storage array . The term “ storage tier ” as 
mapping information for the particular objects so as to used herein is also intended to be broadly construed , and 
permit those objects to be utilized as respective files of an 20 may comprise , for example , a single storage array or a 
in - memory file system of the analysis node that runs the single - tier storage system . 
application . In some embodiments , the fast and capacity tiers 106 and 

The system 100 via the translator 112 is illustratively 108 of the multi - tier storage system 104 are arranged in the 
configured to build a separate name node for each dynami - form of a 2 TIERSTM storage system from EMC Corporation 
cally loadable namespace supported by the system . Such 25 of Hopkinton , Mass . 
namespaces are generally associated with respective differ - The data mover module 110 may be configured to control 
ent applications that may run on the analysis nodes 102 . The movement of data between the fast and capacity tiers 106 
translation services 114 and index tables 116 ensure that and 108 in order to facilitate achievement of desired levels 
each application will access only those objects of the object of performance by the users . 
store that are necessary or otherwise authorized for use in 30 The “ users ” in this embodiment may refer , for example , to 
running the application . This advantageously allows mul - respective ones of the analysis nodes 102 , although the term 
tiple HDFS namespaces to be addressed within the system as " user " as utilized herein is intended to be broadly construed 
if they formed a single unified namespace . so as to encompass numerous other arrangements of human , 

It is to be appreciated that these and other features of hardware , software or firmware entities , as well as combi 
illustrative embodiments are presented by way of example 35 nations of such entities . 
only , and should not be construed as limiting in any way . The data mover module 110 can communicate with the 

Accordingly , different numbers , types and arrangements fast and capacity tiers 106 and 108 via one or more appli 
of analysis nodes , storage tiers , data mover modules and cation programming interfaces ( APIs ) or other types of 
translators can be used in other embodiments . communication media . 

For example , although only a single data mover module 40 The storage tiers 106 and 108 and possibly other elements 
110 is shown in this embodiment , other embodiments can of the system 100 can be implemented using one or more 
include multiple data mover modules . The data mover storage platforms . For example , a given storage platform can 
module 110 is illustratively coupled to the storage tiers 106 comprise any of a variety of different types of storage 
and 108 and configured to control transfer of data between including network - attached storage ( NAS ) , storage area 
the storage tiers . The term " data movement ” as used in this 45 networks ( SANs ) , direct - attached storage ( DAS ) , distributed 
and other contexts herein is intended to be broadly con - DAS and software - defined storage ( SDS ) , as well as com 
strued , so as to encompass data migration as well as other binations of these and other storage types . 
types of movement of data between storage tiers . A given given storage platform may comprise storage arrays 
data mover module can be implemented at least in part on such as VNX® and Symmetrix VMAX® storage arrays , 
storage arrays or other storage platforms that implement at 50 both commercially available from EMC Corporation of 
least portions of one or more of the storage tiers 106 and Hopkinton , Mass . Other types of storage products that can 
108 . be used in implementing a given storage platform in an 

Each of the storage tiers 106 and 108 in the FIG . 1 illustrative embodiment include object - based storage prod 
embodiment comprises a plurality of storage drives with ucts such as Atmos , SDS products such as ViPR® or 
different types of storage drives being used in different ones 55 ScaleIOTM , scale - out all - flash storage arrays such as 
of the storage tiers . For example , the fast tier 106 may XtremIOTM , as well as scale - out NAS clusters comprising 
comprise flash drives while the capacity tier 108 comprises Isilon® platform nodes and associated accelerators in the 
disk drives . The particular storage drives used in a given S - Series , X - Series and NL - Series product lines , all commer 
storage tier may be varied in other embodiments , and cially available from EMC Corporation . 
multiple distinct storage drive types may be used within a 60 These and other storage platforms can be part of what is 
single storage tier . The term “ storage drive ” as used herein more generally referred to herein as a processing platform 
is intended to be broadly construed , so as to encompass , for comprising one or more processing devices each comprising 
example , disk drives , flash drives , solid state drives , hybrid a processor coupled to a memory , and the processing device 
drives or other types of storage products and devices . may be implemented at least in part utilizing one or more 

The drives utilized in the fast tier 106 are generally 65 virtual machines or other types of virtualization infrastruc 
significantly faster in terms of read and write access times ture such as Docker containers or other types of Linux 
than the drives utilized in the capacity tier 108 . Accordingly , containers ( LXCs ) . The data mover module 110 and trans 
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lator 112 , as well as other system components , may be which the keys comprise respective ones of a plurality of 
implemented at least in part using processing devices of dynamically loadable namespace identifiers . 
such processing platforms . In step 204 , a name node corresponding to the dynami 

Communications between the various elements of system cally loadable namespace identifier is configured . As men 
100 may take place over one or more networks . These 5 tioned previously , the name node is illustratively an HDFS 
networks can illustratively include , for example , a global name node , although other types of name nodes can be used 
computer network such as the Internet , a wide area network in other embodiments . The term " name node ” as used herein 
( WAN ) , a local area network ( LAN ) , a satellite network , a is intended to be broadly construed to encompass nodes or 
telephone or cable network , a cellular network , a wireless portions thereof that provide access to objects associated 
network implemented using a wireless protocol such as WiFi 10 with a particular namespace . 
or WiMAX , or various portions or combinations of these and Each of the dynamically loadable namespace objects may 
other types of communication networks . comprise identifiers of respective ones of a plurality of 

It should be understood that the particular sets of modules additional objects stored in the object store 111 of the 
and other components implemented in the system 100 as capacity tier 108 . The additional objects identified in a given 
illustrated in FIG . 1 are presented by way of example only . 15 one of the dynamically loadable namespace objects are 
In other embodiments , only subsets of these components , or utilizable via the corresponding name node by an associated 
additional or alternative sets of components , may be used , application running on one or more analysis nodes 102 . 
and such components may exhibit alternative functionality In step 206 , particular objects of an object store of the 
and configurations . back - end storage tier are made accessible to the application 

The operation of the information processing system 100 20 via the name node . For example , in the FIG . 1 embodiment 
will now be described in further detail with reference to the the name node corresponding to the dynamically loadable 
flow diagram of FIG . 2 . The process as shown includes steps namespace identifier illustratively provides the analysis 
200 through 206 , and is suitable for use in the system 100 node 102 that runs the application with file mapping infor 
but is more generally applicable to other types of systems mation for the particular objects so as to permit those objects 
comprising multiple storage tiers , at least one data mover 25 to be utilized as respective files of an in - memory file system 
module and an associated translator . of the analysis node 102 that runs the application . 

In step 200 , a multi - tier storage system is provided . The The access to the particular objects may be implemented 
storage system comprises a front - end storage tier , a back - at least in part by the name node corresponding to the 
end storage tier and a data mover module coupled to the dynamically loadable namespace identifier providing the 
front - end and back - end storage tiers to control movement of 30 associated application with virtual links to the particular 
data between the storage tiers . With reference to the FIG . 1 objects . 
embodiment , the front - end and back - end storage tiers illus - Such an arrangement advantageously permits applications 
tratively comprise the respective fast and capacity tiers 106 running on respective ones of the analysis nodes 102 and 
and 108 and the data mover module comprises data mover having no knowledge of the object storage structure of the 
module 110 . 35 object store 111 to access a specified set of objects corre 

In step 202 , a dynamically loadable namespace identifier sponding to the dynamically loadable namespace identifier . 
is determined . The dynamically loadable namespace identi - The particular processing operations and other system 
fier is associated with an application running on an analysis functionality described in conjunction with the flow diagram 
node that communicates with the multi - tier storage system of FIG . 2 are presented by way of illustrative example only , 
over at least one network . In the context of the FIG . 1 40 and should not be construed as limiting the scope of the 
embodiment , the dynamically loadable namespace identifier invention in any way . Alternative embodiments can use 
is associated with an application running on one of the other types of processing operations involving multiple 
analysis nodes 102 and is determined by one of the trans - storage tiers at least one of which includes an object store . 
lation services 114 of the translator 112 by reference to one For example , the ordering of the process steps may be varied 
or more of the index tables 116 . For example , a given one of 45 in other embodiments , or certain steps may be performed 
the index tables 116 illustratively stores a plurality of concurrently with one another rather than serially . Also , one 
dynamically loadable namespace identifiers in association or more of the process steps may be repeated periodically for 
with respective corresponding object identifiers of respec - different applications running on the analysis nodes , or 
tive dynamically loadable namespace objects stored in the multiple instances of the process can be performed in 
object store 111 of the capacity tier 108 . Each of the 50 parallel with one another . 
dynamically loadable namespace objects is associated with It is to be appreciated that functionality such as that 
a different one of a plurality of applications that may be run described in conjunction with the flow diagram of FIG . 2 can 
by one or more of the analysis nodes . Thus , the determina - be implemented at least in part in the form of one or more 
tion in step 202 in some embodiments involves identifying software programs stored in memory and executed by a 
an application running on one of the analysis nodes 102 , and 55 processor of a processing device such as a computer or 
then translating an identifier of that application into a server . As will be described below , a memory or other 
corresponding dynamically loadable namespace object storage device having executable program code of one or 
using the index tables 116 . more software programs embodied therein is an example of 

A given one of the index tables 116 of the translator 112 what is more generally referred to herein as a " processor 
illustratively stores a plurality of dynamically loadable 60 readable storage medium . ” 
namespace identifiers in association with respective corre - Another illustrative embodiment will now be described in 
sponding object identifiers of respective dynamically load more detail with reference to FIG . 3 . In this embodiment , an 
able namespace objects stored in the object store 111 of the information processing system 100 ' is shown , including first 
capacity tier 108 . The given index table can be implemented and second analysis nodes 102 - 1 and 102 - 2 which corre 
at least in part as a superblock index table object of the 65 spond to two of the analysis nodes 102 described in con 
object store 111 of the capacity tier 108 . Such an arrange - junction with the FIG . 1 embodiment . The system 100 ' is 
ment may more particularly utilize a key - value store in assumed to be configured in substantially the same manner 
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as system 100 of FIG . 1 , so as to include analysis nodes 102 , otherwise instantiates the name node matching the specific 
multi - tier storage system 104 and translator 112 , but as dynamically loadable namespace for that application . The 
shown in FIG . 3 comprises additional nodes 300A , 300B name node provides the application with access to only 
and 300C . Portions of the translator 112 are implemented those objects of the object store 111 that are associated with 
using the analysis nodes 102 - 1 and 102 - 2 and the additional 5 the specific dynamically loadable namespace . 
nodes 300A , 300B and 300C in this embodiment . Moreover , It should be understood that the particular node and 
one or more of the additional nodes 300A , 300B and 300C component configurations illustrated in FIG . 3 are presented 
are assumed to be implemented in or otherwise associated by way of illustrative example only , and should not be 
with the multi - tier storage system in this embodiment . construed as limiting in any way . 

The analysis node 102 - 1 in this embodiment comprises an 10 Referring now to FIG . 4 , an example of a dynamically 
analysis application 302 - 1 and a FUSE file system 304 - 1 , loadable namespace 400 in an illustrative embodiment is 
where FUSE denotes “ file system in userspace . ” Also shown . The dynamically loadable namespace 400 in this 
included in the analysis node 102 - 1 is an object file system embodiment is assumed to be identified by a dynamically 
( “ ObjectFS ” ) client 306 - 1 and a translation service 114 - 1 . loadable namespace identifier and comprises a root element 
The ObjectFS client 306 - 1 interacts with an ObjectFS server 15 402 and a plurality of directories shown as triangular - shaped 
310A implemented in additional node 300A . The translation elements denoted D047 , D048 , D049 , D050 , D051 , D053 
service 114 - 1 interacts with an index table 116 - 1 for access and D056 . Certain ones of the directories are associated with 
ing dynamically loadable namespaces or DLNs . The index one or more objects 410 denoted F052 , F054 , F055 , F058 , 
table 116 - 1 is therefore also referred to herein as a DLN F059 , F060 , F062 , F064 , . . . F010450 . More particularly , 
index table . 20 directory D050 includes object F052 , directory D053 

Through the translation service 114 - 1 and index table includes objects F054 and F055 , and directory D056 
116 - 1 , a dynamically loadable namespace identifier associ includes F058 through F010450 . The directory D056 is 
ated with the analysis application 302 - 1 is determined , and therefore a very large directory in this example and accord 
a name node corresponding to the dynamically loadable ingly may be split into several subdirectories that are not 
namespace identifier is instantiated . Particular objects of the 25 explicitly shown . The objects 410 illustratively comprise 
object store 111 of the capacity tier 108 are thereby made objects stored in the object store 111 of the capacity tier 108 . 
accessible to the application 302 - 1 via the name node . Instantiation of a name node corresponding to the 

The analysis node 102 - 2 is configured in a different dynamically loadable namespace 400 provides applications 
manner than the analysis node 102 - 1 . Like the analysis node running on one or more of the analysis nodes 102 with 
102 - 1 , the analysis node 102 - 2 in this embodiment com - 30 access to at least a subset of the objects 410 . The dynami 
prises an analysis application 302 - 2 , a FUSE file system cally loadable namespace format illustrated in FIG . 4 is 
304 - 2 and an ObjectFS client 306 - 2 . However , instead of a presented by way of example only , and numerous other 
translation service , the analysis node 102 - 2 includes a namespace formats can be used in other embodiments . 
dynamically loadable namespace 315 or DLN that is parsed FIG . 5 shows an example of an index table 500 which 
in memory of the analysis node 102 - 2 . The ObjectFS client 35 represents one of the index tables 116 of the translator 112 . 
306 - 2 interacts with an ObjectFS server 310B implemented The index table 500 stores multiple dynamically loadable 
in additional node 300B . The dynamically loadable namespace identifiers , illustratively DLN names , in associa 
namespace 315 interacts with a translation service 114 - 2 that tion with respective corresponding OIDs of respective 
is also implemented in additional node 300B . The additional dynamically loadable namespace objects stored in the object 
node 300B further comprises an ObjectFS client 306 - 2 ' that 40 store 111 of the capacity tier 108 . For example , in the first 
is configured to interact with an ObjectFS server 310C row of the table 500 , a DLN name denoted SPICE - 1 
implemented on additional node 300C . The translation ser - DLN . vl is associated with an OID 2 . 16 . 840 . 1 . 113883 . 3 . 1 . 
vice 114 - 2 on node 300B interacts with a DLN index table Other DLN names such as SPICE - 1 - DLN . v2 , SPICE - 2 
116 - 2 implemented on additional node 300C . DLN . vl , BLAST - DLN . vl and FIRERAD - DLN . vl , are 

In a manner similar to that described above for the case of 45 similarly each associated with a unique OID identifying a 
analysis node 102 - 1 , but now through the translation service corresponding dynamically loadable namespace object 
114 - 2 and index table 116 - 2 , a dynamically loadable stored in the object store 111 . The DLN names are generally 
namespace identifier is associated with the analysis appli - associated with respective analysis applications running on 
cation 302 - 2 is determined , and a name node corresponding the analysis nodes . 
to the dynamically loadable namespace identifier is instan - 50 The index table 500 provides sufficient information to 
tiated . Particular objects of the object store 111 of the allow a name node corresponding to the dynamically load 
capacity tier 108 are thereby made accessible to the appli - able namespace to be instantiated . For example , such a name 
cation 302 - 2 via the name node . node or a portion thereof can be instantiated in the fast tier 

The FIG . 3 embodiment illustrates that one or more of the 106 using the corresponding DLN object retrieved from the 
translation services 114 of the translator 112 can be imple - 55 object store 111 of the capacity tier . As another example , the 
mented on respective analysis nodes 102 that run respective name node or a portion thereof can be instantiated in one of 
applications 302 . Additionally or alternatively , one or more the analysis nodes 102 using a local memory of that analysis 
of the translation services 114 of the translator 112 can be node . 
implemented on respective servers 300 that are separate As mentioned previously , the instantiated name node can 
from the analysis nodes 102 . The additional servers such as 60 illustratively comprise an HDFS name node . Accordingly , 
300A , 300B and 300C in the FIG . 3 embodiment can each the OID of the DLN object can be replaced with a file path 
serve multiple analysis nodes rather than only a single to a DLN file stored using HDFS on the capacity tier 108 . 
analysis node 102 - 1 or 102 - 2 as illustrated in the figure . However , it is to be appreciated that other types of name 

In operation , analysis application 302 - 1 or 302 - 2 running nodes can be used 
on analysis node 102 - 1 or 102 - 2 accesses the translation 65 In addition to the DLN OIDs corresponding to the respec 
service 114 - 1 or 114 - 2 . The translation service consults the tive DLN names , the index table 500 in this example further 
appropriate DLN index table 116 - 1 or 116 - 2 and loads or provides , for each of the DLN names , permissions / ACLs 
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( " access control lists ” ) , OIDs of any other DLNs related to The in - memory file systems 720 of the analysis nodes 702 
the DLN name , a checksum computed over the DLN object each include the dynamically loadable SPICE namespace of 
and / or an associated archive file ( e . g . , a “ tar ” file ) , a sharing the SPICE name node 730 parsed into their respective 
status and a location flag . The permissions / ACLs ensure that memories . Such an arrangement is similar to the DLN 315 
only authorized users will be able to access the instantiated 5 parsed into memory of analysis node 102 - 2 in the FIG . 3 
name node corresponding to the DLN name . The related embodiment . 
DLNs may comprise , for example , other DLNs that are The analysis nodes 702 utilize the SPICE namespace of 
related to a given DLN and that are loaded together by a the instantiated SPICE name node 730 to configure their 
single analysis application . The checksum can be used to respective in - memory file systems 720 and to obtain any 
detect tampering or other errors in the DLN object . The 10 needed ones of the objects 710 as respective files on their 

local disks 725 . More particularly , in this embodiment the sharing status is in the form of a flag indicating whether or name node 730 corresponding to the dynamically loadable not the given DLN is shared by multiple applications namespace identifier of the SPICE namespace provides the currently running on the analysis nodes 102 . The location associated SPICE applications running on the analysis nodes flag indicates if the given DLN is currently loaded in the fast le last 15 702 with virtual links to the objects 710 . The name node 730 tier 106 or resident in the capacity tier 108 , which are additionally or alternatively provides the analysis nodes 702 
denoted as respective FT and CT in the table entries . It is that run the SPICE application with file mapping informa 
also possible that the given DLN is in use by the translator tion for the particular objects 710 so as to permit at least a 
112 , which is also indicated by the location flag . The subset of those objects to be utilized as respective files of the 
location flag can therefore be used to indicate , for example , 20 in - memory file systems 720 . At least a subset of the objects 
if the corresponding name node is currently implemented in made accessible via the name node 730 in such an arrange 
one or more of the fast tier 106 , the capacity tier 108 or the ment are mapped to files on the local disks 725 using the 
translator 112 . respective in - memory file systems 720 . 

Each of the DLN OIDs in the second column of the table An information processing system 800 in accordance with 
illustratively comprises identifiers of respective ones of a 25 an illustrative embodiment is shown in FIG . 8 . The infor 
plurality of additional objects stored in the object store 111 m ation processing system 800 comprises an analysis node 
of the capacity tier 108 . These additional objects are utiliz - 802 - 1 , a multi - tier storage system comprising a fast tier 806 
able via the corresponding name node by an associated and a capacity tier 808 , and a translator 812 . The system 800 
application running on one or more analysis nodes 102 . further comprises a compute server 840 and an 10 node 850 . 

FIG . 6 illustrates relationships between an index table 30 The analysis node 802 - 1 includes a POSIX application , a 
object , dynamically loadable namespace objects and addi - synchronizer ( “ SYNCer ” ) service and an Orange file system 
tional underlying objects in one embodiment . In this ( “ OrangeFS ” ) client . The analysis node has a remote direct 
embodiment , the index table 500 previously described in memory access ( RDMA ) connection with the capacity tier 
conjunction with FIG . 5 is implemented as a superblock 808 and a metadata connection with the translator 812 . The 
index table object 600 of the object store 111 of the capacity 35 translator 812 includes a translation service , a dynamically 
tier 108 . loadable namespace client ( “ DLN client ” ) and an Orange FS 

Different DLN names from the index table correspond to client . The translation service utilizes an index table acces 
respective different DLN objects having respective DLN sible via the DLN client to obtain a DLN object from the 
OIDs . Examples of such DLN objects include DLN objects capacity tier 808 . This DLN object is utilized to instantiate 
602 - 1 , 602 - 2 and 602 - 3 , corresponding to respective DLN 40 a name node accessible to the analysis node 802 - 1 . 
names of the index table 500 . More particularly , the DLN The compute server 840 comprises a POSIX / NFS appli 
objects 602 correspond to respective ones of the DLN names cation , a FUSE component , an Orange FS FUSE translation 
corresponding to SPICE , BLAST and FIRERAD applica - element , and an OrangeFS client . It may be viewed as an 
tions in the index table 500 . analysis node of the system 800 that does not utilize the 

The DLN objects 602 - 1 , 602 - 2 and 602 - 3 identify respec - 45 translator 812 . The FUSE component is assumed to be 
tive sets of underlying objects 610 - 1 , 610 - 2 and 610 - 3 implemented in kernel space , while all other components of 
utilized by respective ones of the SPICE , BLAST and system elements 802 - 1 , 812 , 840 and 850 are assumed to be 
FIRERAD applications running on respective ones of the implemented in user space . 
analysis nodes 102 . Although not expressly shown as such The IO node 850 is illustratively part of the multi - tier 
in the figure , the underlying objects 610 may comprise 50 storage system that includes fast tier 806 and capacity tier 
different sets of objects for each of the DLN objects 602 . 808 . The IO node 850 comprises an OrangeFS server , an 

Other illustrative embodiments of information processing OrangeFS metadata server ( “ OFS MDS " ) , an OrangeFS 
systems each comprising a multi - tier storage system and an “ trove ” subsystem , an HDFS client and a SYNCer element . 
associated translator for configuring a name node will now These elements run in a container of the IO node 850 . The 
be described with reference to FIGS . 7 and 8 . 55 fast client communicates over a PCIe connection with the 

Referring first to FIG . 7 , an information processing sys - fast tier 806 . The HDFS client communicates with the 
tem 700 comprises a plurality of analysis nodes 702 - 1 , capacity tier 808 using HDFS communication protocols . 
702 - 2 , . . . 702 - N . The analysis nodes 702 each run a SPICE The 10 node 850 in some embodiments can be used to 
application that needs to access objects 710 . The objects 710 instantiate a name node for a particular dynamically load 
are assumed to be stored on an object store of a back - end 60 able namespace . 
storage tier of a multi - tier storage system , although such The OrangeFS elements in the FIG . 8 embodiment can be 
elements of the system 700 are not explicitly shown in the replaced in other embodiments with corresponding compo 
figure . The analysis nodes 702 - 1 , 702 - 2 , . . . 702 - N comprise nents of another type of parallel virtual file system or 
respective in - memory file systems 720 - 1 , 720 - 2 , . . . 720 - N distributed file system , or more generally corresponding 
and respective sets of files on respective local disks 725 - 1 , 65 components of another type of file system . 
725 - 2 , . . . 725 - N . A name node 730 is instantiated by a It is to be appreciated that numerous alternative arrange 
translator that is not explicitly shown in the figure . ments of information processing systems comprising multi 
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tier storage systems and associated translators providing structure . The cloud infrastructure further comprises sets of 
controlled access to objects can be configured in other applications running on respective ones of the virtual 
embodiments . machines under the control of the hypervisor . It is also 

Illustrative embodiments can provide a number of sig - possible to use multiple hypervisors each providing a set of 
nificant advantages relative to conventional arrangements . 5 virtual machines using at least one underlying physical 

For example , some embodiments allow for translation machine . Different sets of virtual machines provided by one based controlled partitioning of an object store such that an or more hypervisors may be utilized in configuring multiple 
individual application can access only a limited number of instances of various components of the system 100 . the objects associated with corresponding dynamically load Another illustrative embodiment of a processing platform able namespace . However , the total number of objects that 10 that may be used to implement at least a portion of the can be controlled across multiple applications using respec system 100 comprises a plurality of processing devices tive dynamically loadable namespaces is essentially unlim which communicate with one another over at least one ited . Accordingly , some embodiments are scalable to essen network . The network may comprise any type of network , tially unlimited numbers of objects that may be stored in one including by way of example a global computer network or more object stores of at least one back - end storage tier . 15 

Also , the use of one or more index tables each of which such as the Internet , a WAN , a LAN , a satellite network , a 
can illustratively be configured as a superblock index table telephone or cable network , a cellular network , a wireless 
object allows all of the objects of the object store to be network such as a WiFi or WiMAX network , or various network such as a WiFi ( 
addressed as a unified namespace . portions or combinations of these and other types of net 

Some embodiments therefore overcome drawbacks of 20 works . 
conventional practice which would otherwise prevent appli - Each processing device of the processing platform com 
cations running on analysis nodes from directly accessing p rises a processor coupled to a memory . The processor may 
objects stored in an object store of a capacity tier or other comprise a microprocessor , a microcontroller , an applica 
back - end storage tier . tion - specific integrated circuit ( ASIC ) , a field - program 

In illustrative embodiments , applications can easily iden - 25 mable gate array ( FPGA ) or other type of processing cir 
tify and access the particular objects that are needed for their cuitry , as well as portions or combinations of such circuitry 
execution even though the applications have no knowledge elements . The memory may comprise random access 
of the structure of the object store in which those objects memory ( RAM ) , read - only memory ( ROM ) or other types 
reside . It is therefore possible to execute the applications in of memory , in any combination . The memory and other 
different processing environments in order to meet different 30 memories disclosed herein should be viewed as illustrative 
processing goals . For example , a user may run an analysis examples of what are more generally referred to as " pro 
application on the multi - tier storage system 104 in a private cessor - readable storage media ” storing executable program 
data center to get the fastest possible compute time on a code of one or more software programs . 
business critical problem . Later the user can rerun the same Articles of manufacture comprising such processor - read 
application and look at different non - critical results that do 35 able storage media are considered embodiments of the 
not require fast flash storage . In this processing environ present invention . A given such article of manufacture may 
ment , the analysis application can access the needed objects comprise , for example , a storage array , a storage disk or an 
as files on local disk of a home office cloud . Numerous integrated circuit containing RAM , ROM or other electronic 
alternative processing environments can utilize the dynami - memory , or any of a wide variety of other types of computer 
cally loadable namespace to access the particular objects 40 program products . The term “ article of manufacture ” as used 
associated with a corresponding application . herein should be understood to exclude transitory , propa 

It is to be appreciated that the particular types of trans - gating signals . 
lation - based object access functionality illustrated in FIGS . Also included in the processing device is network inter 
1 - 8 and the associated advantages described above are face circuitry , which is used to interface the processing 
exemplary only , and numerous other arrangements may be 45 device with the network and other system components , and 
used in other embodiments . may comprise conventional transceivers . 

For example , the disclosed techniques may be adapted in Again , these particular processing platforms are presented 
a straightforward manner for providing translation - based by way of example only , and system 100 may include 
object access in multi - tier storage systems including a wide additional or alternative processing platforms , as well as 
variety of storage tier configurations other than those 50 numerous distinct processing platforms in any combination , 
described in conjunction with the illustrative embodiments . with each such platform comprising one or more computers , 
Also , the particular configuration of the translator 112 and its servers , storage devices or other processing devices . 
translation service and index table components can be For example , other processing platforms used to imple 
varied , and distributed in different ways over servers , nodes ment embodiments of the invention can comprise different 
or other system components . 55 types of virtualization infrastructure , such as container 

It was noted above that portions of the information based virtualization infrastructure using Docker containers 
processing system 100 may be implemented using one or or other types of containers , in place of or in addition to 
more processing platforms . Illustrative embodiments of such virtualization infrastructure comprising virtual machines . 
platforms will now be described in greater detail . Although It should therefore be understood that in other embodi 
described in the context of system 100 , these platforms may 60 ments different arrangements of additional or alternative 
also be used to implement at least portions of other infor - elements may be used . At least a subset of these elements 
mation processing systems in other embodiments of the may be collectively implemented on a common processing 
invention . platform , or each such element may be implemented on a 
One illustrative embodiment of a processing platform that separate processing platform . 

may be used to implement at least a portion of system 100 65 Also , numerous other arrangements of computers , serv 
comprises cloud infrastructure including virtual machines ers , storage devices or other components are possible in the 
implemented using a hypervisor that runs on physical infra - information processing system 100 . Such components can 
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communicate with other elements of the information pro wherein a given entry of the given index table for one of 
cessing system 100 over any type of network or other the dynamically loadable namespace identifiers com 
communication media . prises its associated object identifier and a location flag 
As indicated previously , components of the system 100 as indicating if the corresponding name node is currently 

disclosed herein can be implemented at least in part in the 5 implemented in one or more of the front - end storage 
form of one or more software programs stored in memory tier , the back - end storage tier and the translator ; and 
and executed by a processor of a processing device such as wherein the apparatus is implemented using at least one 
a virtual machine or a container . For example , the data processing device comprising a processor coupled to a 
mover module 110 and the translator 112 in the FIG . 1 memory . 
embodiment are illustratively implemented at least in part in 10 2 . The apparatus of claim 1 wherein the translator is 
the form of software . implemented at least in part within the multi - tier storage 

It should again be emphasized that the above - described system . 
embodiments of the invention are presented for purposes of 3 . The apparatus of claim 1 wherein the front - end storage 
illustration only . Many variations and other alternative tier comprises a fast tier having a relatively high input 
embodiments may be used . For example , the disclosed 15 output processing speed and a relatively low capacity and 
techniques are applicable to a wide variety of other types of the back - end storage tier comprises a capacity tier having a 
information processing systems , analysis nodes , storage relatively low input - output processing speed and a relatively 
systems and storage tiers that can benefit from translation high capacity . 
based controlled object access for applications . Also , the 4 . The apparatus of claim 1 wherein at least a subset of the 
particular configurations of system and device elements 20 translation services of the translator are implemented on 
shown in FIGS . 1 , 3 , 7 and 8 and the process operations respective analysis nodes that run respective applications 
shown in FIG . 2 can be varied in other embodiments . Thus , and are configured to access the multi - tier storage system 
for example , the particular type of front - end storage tiers , over at least one network in conjunction with running of the 
back - end storage tiers , data mover modules and translators respective applications . 
deployed in a given embodiment and their respective con - 25 5 . The apparatus of claim 1 wherein at least a subset of the 
figurations may be varied . Moreover , the various assump - translation services of the translator are implemented on 
tions made above in the course of describing the illustrative respective servers that are separate from analysis nodes that 
embodiments should also be viewed as exemplary rather are configured to access the multi - tier storage system over at 
than as requirements or limitations of the invention . Numer - least one network . 
ous other alternative embodiments within the scope of the 30 6 . The apparatus of claim 1 wherein the object store of the 
appended claims will be readily apparent to those skilled in back - end storage tier is configured to store data in the form 
the art . of objects having respective object identifiers and wherein 
What is claimed is : the translator via the translation services and the at least one 
1 . An apparatus comprising : index table permits applications running on respective 
a multi - tier storage system comprising a front - end storage 35 analysis nodes having no knowledge of the object storage 

tier , a back - end storage tier and a data mover module structure of the object store to access a specified set of 
coupled to the front - end and back - end storage tiers and objects corresponding to the dynamically loadable 
configured to control movement of data between the namespace identifier . 
storage tiers ; and 7 . The apparatus of claim 1 wherein a given one of the 

a translator associated with the multi - tier storage system ; 40 dynamically loadable namespace objects comprises identi 
the translator implementing a plurality of translation fiers of respective ones of a plurality of additional objects 

services and one or more index tables ; stored in the object store of the back - end storage tier and 
a given one of the translation services being configured : utilizable via the corresponding name node by an associated 

to access at least one of the one or more index tables in application running on one or more analysis nodes . 
order to determine a dynamically loadable 45 8 . The apparatus of claim 1 wherein the name node 
namespace identifier associated with an application corresponding to the dynamically loadable namespace iden 
running on an analysis node that communicates with tifier provides the analysis node that runs the application 
the multi - tier storage system over at least one net with virtual links to the particular objects . 
work ; and 9 . The apparatus of claim 1 wherein the name node 

to instantiate a name node corresponding to the 50 corresponding to the dynamically loadable namespace iden 
dynamically loadable namespace identifier ; tifier provides the analysis node that runs the application 

the dynamically loadable namespace identifier identifying with file mapping information for the particular objects so as 
a dynamically loadable namespace that comprises at to permit those objects to be utilized as respective files of an 
least a root element and a plurality of directories ; in - memory file system of the analysis node that runs the 

wherein particular objects of an object store of the back - 55 application . 
end storage tier are made accessible to the application 10 . The apparatus of claim 1 wherein a given one of the 
via the name node ; one or more index tables is implemented at least in part as 

wherein a given one of the one or more index tables stores a superblock index table object of the object store of the 
a plurality of dynamically loadable namespace identi - back - end storage tier . 
fiers , for respective different application types , in asso - 60 11 . The apparatus of claim 1 wherein a given one of the 
ciation with respective corresponding object identifiers one or more index tables is implemented at least in part as 
of respective dynamically loadable namespace objects a key - value store in which the keys comprise respective ones 
stored in the object store of the back - end storage tier , of a plurality of dynamically loadable namespace identifiers . 
the dynamically loadable namespace objects identify 12 . An information processing system comprising the 
ing respective different sets of objects of the object 65 apparatus of claim 1 and a plurality of analysis nodes each 
store that are accessible to respective applications of of which communicate with the multi - tier storage system 
the respective different application types ; over at least one network . 
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13 . A method comprising : between the storage tiers , the multi - tier storage system being 
providing a multi - tier storage system comprising a front associated with a translator implementing a plurality of 

end storage tier . a back - end storage tier and a data translation services and one or more index tables , wherein 
mover module coupled to the front - end and back - end the program code when executed by at least one processing 
storage tiers to control movement of data between the 5 dev een the 5 device causes said processing device : 
storage tiers ; to determine , in conjunction with a given one of the 

providing a translator associated with the multi - tier stor translation services that accesses at least one of the one 
age system , the translator implementing a plurality of or more index tables , a dynamically loadable 
translation services and one or more index tables ; namespace identifier associated with an application 

determining , in conjunction with a given one of the 10 running on an analysis node that communicates with 
translation services that accesses at least one of the one the multi - tier storage system over at least one network ; 
or more index tables , a dynamically loadable and 

to configure a name node corresponding to the dynami namespace identifier associated with an application 
cally loadable namespace identifier ; running on an analysis node that communicates with 

the multi - tier storage system over at least one network ; 15 * : 15 the dynamically loadable namespace identifier identifying 
and a dynamically loadable namespace that comprises at 

configuring a name node corresponding to the dynami least a root element and a plurality of directories ; 
cally loadable namespace identifier ; wherein particular objects of an object store of the back 

wherein the dynamically loadable namespace identifier end storage tier are made accessible to the application 
identifying a dynamically loadable namespace that 20 via the name node ; 
comprises at least a root element and a plurality of wherein the name node is configured at least in part 
directories ; utilizing an index table that stores a plurality of 

wherein particular objects of an object store of the back dynamically loadable namespace identifiers , for 
end storage tier are made accessible to the application respective different application types , in association 
via the name node ; 25 with respective corresponding object identifiers of 

wherein the name node is configured at least in part respective dynamically loadable namespace objects 
utilizing an index table that stores a plurality of stored in the object store of the back - end storage tier , 
dynamically loadable namespace identifiers , for the dynamically loadable namespace objects identify 
respective different application types , in association ing respective different sets of objects of the object 
with respective corresponding object identifiers of 30 store that are accessible to respective applications of 
respective dynamically loadable namespace objects the respective different application types ; and 
stored in the object store of the back - end storage tier , wherein a given entry of the index table for one of the 
the dynamically loadable namespace objects identify dynamically loadable namespace identifiers comprises 
ing respective different sets of objects of the object its associated object identifier and a location flag indi 
store that are accessible to respective applications of 35 cating if the corresponding name node is currently 
the respective different application types ; implemented in one or more of the front - end storage 

wherein a given entry of the index table for one of the tier , the back - end storage tier and the translator . 
dynamically loadable namespace identifiers comprises 17 . The processor - readable storage medium of claim 16 
its associated object identifier and a location flag indi wherein the determining and configuring are implemented at 
cating if the corresponding name node is currently 40 Tv 40 least in part utilizing the translation service that accesses the 

index table that stores the plurality of dynamically loadable implemented in one or more of the front - end storage 
tier , the back - end storage tier and the translator ; and namespace identifiers . 

wherein the providing , determining and configuring are 18 . The processor - readable storage medium of claim 16 
implemented using at least one processing device com wherein the name node corresponding to the dynamically 
prising a processor coupled to a memory . 45 loadable namespace identifier provides the analysis node 

14 . The method of claim 13 wherein the determining and that runs the application with file mapping information for 
configuring are implemented at least in part utilizing the the particular objects so as to permit those objects to be 
translation service that accesses the index table that stores utilized as respective files of an in - memory file system of the 
the plurality of dynamically loadable namespace identifiers . entifiers analysis node that runs the application . 

15 . The method of claim 13 wherein the name node 50 50 19 . The processor - readable storage medium of claim 16 
corresponding to the dynamically loadable namespace iden wherein a given one of the one or more index tables is 
tifier provides the analysis node that runs the application implemented at least in part as a key - value store in which the 
with file mapping information for the particular objects so as keys comprise respective ones of a plurality of dynamically 
to permit those objects to be utilized as respective files of an loadable namespace identifiers . 
in - memory file system of the analysis node that runs the 55 55 20 . The processor - readable storage medium of claim 16 
application . wherein a given one of the dynamically loadable namespace 

16 . A non - transitory processor - readable storage medium objects comprises identifiers of respective ones of a plurality 
having stored therein program code of one or more software of additional objects stored in the object store of the back 
programs , for use in conjunction with a multi - tier storage end storage tier and utilizable via the corresponding name 
system comprising a front - end storage tier , a back - end 60 100 60 node by an associated application running on one or more 
storage tier and a data mover module coupled to the front analysis nodes . 
end and back - end storage tiers to control movement of data 


